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QUARTZ CRYSTAL UNIT CR-(XM 37)/U

FOURTH QUARTERLY PROGRESS REPORT

I APRIL 1962 TO 30 JUNE 1962

This production engineering measure on CR-(XM-37)/U

qunrtz crystal units requires development of manufac

turing techniques leading to pre-production approval

in compliance with "SCS-75, TECHNICAL REQUIREMENTS",

dated 28 DECEMBER 1959 and MIL-C-3098B and the manu-

facture of a pilot run production in accordance with

Signal Corps Industrial Preparedness Procurement

Requirement Noo 15, dated 1 OCTOBER 1958,

Contract Number: DA36-.039-sC-85972

Order N!h..nbor: 6027-PP 61-881

By

VALPEY CRYSTAL CORPORATION

HOLLISTON, MASS.

Norman R, Gillin, Engineer
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ABSTRACT:

Decd?~ns for 7th overtone crystals from 150 Me to

200 ilc are given. Results obtained using these

derigns aro given. Problema encountered during

fin~al polish are discussed.



PURPOSE:

The purpose of this PEoMo contract is to set up

a method of manufacturing, the end result of which

will be the production of acceptable quarts crystal

units to "SCS-75" md mIL-C-3098B.



DETAIL REQUIREMENTS FOR THE CR-(XN.37)/U CRYSTAL UNITSr

Requirements were detailed in the First Quarterly Report,.



NARRATIVE:

Using procedure as outlined in Second and Third Quarterly Report

a small lot was processed at 150 Mc and at 200 Mc. No attempt

was made on these locs to optomize design, We were intereatec

in learning whether this crystal type could be made to SCS-75 and

meeting resistance specification.

Our results as previously noted on Page 25 of Second and Third

Quurterly Repo-rt showed that a few uni ts at 1.5) Mc were under 7 1)

ohms, At 200 NI we were way over and there were doubts whether

at tLose resistance figures results obtained In TS-15 were

accurate.

We felt L-at tighter controls on ft'nal polisih to frequency, to

mass platin, snd mounting would help in lowering this high resis-

tance at 200 Mc

Designs ron' s1l item.is 150 Mc through ?00 Mc were drawn up and

blim-1k a.',3 3dy down o 0%" in thickness wore 9xarted through

the pin lap,. Crystal Specifications are listed on Pages 12 thr:augh

16.

As previously ztstedr, frcqiency checking cenf.rumed a large anount of

time and the h9ndling contributed to the extensive breakage we were

exr eriencIng,

A F'eqanecy Counter was obtained fer ths lapping department, A

twentyr-flvs pe'cent :aving in time has been realized during final

lsppia. end poIishl'ig,



As outlined in second/Third Quarterly Report we were truing the

pin lap plates by use of a Crane Lapmastero Blanks were lapped

for ten minutes and plates transferred to Lapmaster for truing,

We soon discovered that the cast iron plates were not to the

required flatness. Solid brass discs of the same size as the

lap plates were made up and test runs started on the Lapmastero

We found day to day variations in the Lapmaster that in turn

were being transferred to the lap plates.

After many weeks of recording flatness data from the brass plates

we reached the conclusion that the lapmester would true the plates

to the required flatness only if the same size plates were placed

on the lapmastero Since regular production runs from other work

in progres& also used the lapmaster it was decided to acquire a

second lapmaster to be used only on thra contract, In the mean-

time every attempt was made to keep lqpmaster in condition so that

plates were within two bands over the whole surface,

Teat results showed that daily variations could be from one to two

bends Iow to one to two bonds high. The end result was that lapped

blanks also varied from day to day.,

At the same time we were running tests on the lapmaster we accnimulae

ted data on the condition of the cast iron lap plates as the result

of the ten minute r-ni, As data becasme evitiloble we realized that

these runs were too long,, The plates were going out of flatness so

that the crystal blanks were being lopped wtth up to five and six



bands. Also the plates required longer runs on the lepmaster in

order to restore the flatness,

The length of runs on a pair of plates was reduced one minute at

a time and the resulting flatness of blanks and time on lapmaster

compared. We finally arrivod at a maximum of five minutes running

time. This seemed to produce most consistent flatness and minimum

time on lapmaster, Shorter runs required too much operator time

for the quantity of blanks lapped,

During this period our operators were rcquiring the "feel" of thin

banks. Losses due to handling which had been over fifty percent

during lapping gradually decreased,, At 150 Mc the loss in lapping

was down to around ten percent, The losis gt 200 Mc was around

enty-five percent. Most of "his ivas in removing blanks, from

.p-, cleaning to test for frequency and :eplacing :4n lapo

Further reduction in hnndling time i3ra: accomplishod by installing

elapsed time counters on the lapping rsch a. Creior Mode3 633,3E

ti-mers were wired in so that activation o1' the motor starting

vsriac slso starte the Uimors., The 'inor: werc in seconds and

ccul3 be re-set .fter eart!h abort run or usod fox total time. in order

t Io &cyrj-p~h t'reqi-er,: Ac the iIme/frequency dote

be bc u-i avnllabla vp apr -t.ov j 'bhlb t lap to pJe'-polinh fra-

*C:~l:-eL, ti;;A. inc,'x , rc;', c: e 0, -,. 1e "t ized i;:

Best Available Copy



As blanks became available for polishing to frequency., date was

compiled on the parallelism as viewed in monochromatic light and

the individual surfaces as viewed in the interferometer.

Polishing was done on Campco covered nast iron plates The lencth

of runs on Campco was also reduced for the saime reason as h -

iron lap plates, The time finally arrived at for Campco wra a

nax'umz of five rL.nutea polish time and four minute. conditioning

on IapAIater..

Ae o'ech loed wae polished to frequency they were viewed in moMo-

chromatic light, All blanks from a load did not show the asme

degree of flatness. While most showed parallelism of less than

one band., with a few being one color over entire surface, seper-

centge showed up to two bands and at times the bands were not

concen Oid-o Sinpce blanks from pre-polisn were frequency scr-.c

prior ';-o poilsh, z. lap load could contain blanks Vv...w . iffe-eti;

run3 l~~ap pL~td, V; was falt thnt .-his varintion could :16

St'c tz to tho -va-_1 -i.o, tie ter.e obtalnliih in lappitnr

J_ zY I -U,, S~~ C ' e e n , s a

L -"; O- .. "r " !2 e.ita of one btni ., r less inc

1i. ,, Iii mt~~ost s;j~ convex/conce3 zr rfvetcr 4 wh r. view~e. ;

.. c ::7. ,: noon become evident Vhst the polisned I,

'in . i 2 - . r.s. . ' , . ...I,:- "

Best Available Copy



As the result of this data0 blanks were sent to mass plat.ng

sorted. as to surfaces as viewed in interferometer and as "riewed'

in monochromatic light. It was hoped that"from this we c:iuld

arrive at a pattern that would consistently produce low r.-sistance

blanks meeting resistance specification of SCS-75

The above method of viewing polished blanks brought out the follow-

ing points:

1 . Lapped blanks ready for polishing must be a flat

and parallel as final polish blanks. The polish

stage must not also have to correct the surfaces.

Tha polishing pin lap machine must be in good con.-

dition. The drive pin must be 9s near to 900 to

polish .plates as possible. The drive pin must run

t:?ue in carrier bushing. The correct stroke-for 3

given pin lap must be found and maintalned

3 - Daily record of lapmaster surface condition must

be niaintaired,,

L Shorter tinme on any one set of polishing plates

wit,& ccntrin. correction on Ir-pnia iter produced

the most ¢t n,.,tent pa,;torn,

'Th , ati. , 11 1 t .ns 15 ) ?P to e?00-Me. Nbe,o

d . " : " o the tighteso. .olerrnnce prni:,

'.. 0 to xc " do . e. ,,acy. sprsed vrzd s ,>rie si-me tL . -  > .iC

;o ne or)der to est vila e Co

;:, ~Best AvailableCp



The spot diameter for each frequency is as shown on

Pages 1 tbrough 16,

The anount of base plating was controlled by weighing

aluminum, Our monitoring method was not as yet ready to

use0

Ma4ss plated blanks were mounted in HC-I18/U bases, We soon

fuund that not all production workers were able to handle

tjhene thin blanks without excessive breakage, Skill w:as

&,qtiired by some, otberP had to be taken off the line-

The urni..s were placed on frequency by etching as outlined

in Second/Third QLarterly .Feport, In only a few case.- did

we chenge resistance bigb.,. by this method. Some units

Improved., while a large percentage did not change

Finished units were sealed and preliminary temperature

testing began.,

TYPICAL 'esults of Resistance obtained on lots during this

petoio are detailed on Pages 17 through 231

TYY'ICAL re.alt. of Holdr Induct anco---Holder Reststan;!s ar',

det- iled on Page 28,



CRYSTAL SPECIFIC ATIONS

TYPE: CR- (XM-37)/U

FREQUENCY: 150o000 Me 7th Overtone

TOLERANCE: 105

TEMPERATURE: -550 C to 1050 C

RESISTANC6: MAXIMUM 70 OHMS

ANGLE: 350 270

DIAMETER: 0.290" 0oo01"

FLATNESS: CONCENTRIC RING, MAXIMUM 1 RING

PARALLELISM: LESS THA9 1 RING

PIN LAP FREQUENCY': P0,650 Ko /15, -10

POLISH FREQUENCY: 21,525 Kc / 1 i0

BASE PLATE: ALUMINUM, BY WEIGE

SPOTY2 D:.:'AMETER: ,1360"

--I.



CRYST AL SPECIFICATIONS

TYPE: CR- t)(M- 37)/U

FREQUENCY: 162.000 Me 7th Overtone

TOLERANCE: / 005%

TEMPERATURE: -550 C TO /1 050 C

RESISTANCE: MAXIMUM 70 OHMS

A G LE: 35° 270

DIANLTEli" 0 290" L' 001"

tLATFESS: CONCE-RIC PING, M/XIMUM 1 PING

FAALLELIM: LESS THAN I RING

PIN TLAP FPEQJE.WY. 2 2 ,24o Kc /15, -i0

POLIS3H ,. F.QU12N(Y. 23,,255 ,c X: 1.io

BASE PLATE: ALUMINUM, BY WEIGHT

SPOT DIAMETER: 126"

-1I3



CRYSTAL SPECIFICATIONS

TYPE: CR=(XM-37)/U

FrIEQUENCY? 174,000 Mo 7th Overtone

TOLER4NCE: /.005%

TEMPERATURE: -550 C to /1050 C

RESISTANCE: MAXIMUM 70 OHMS

PNGLE: 350 27'

DIAMETER: O.290" /o001"

FLATNESS: CONCENTRIC RING, MAXIMU14 1 RING

rA.!IALLf!J.' SM. LESS '1hI I lINL

FIN LAP FREQUEL2CT: 23,830 1'c, /15,, -10

TOLISE FREQUENCY: e,000 Kc, /5, o-l0

BASE PLATE* ALUMINUM, BY WEIGHT

SPOT DIAMETER: 117"

-1J4-



CRYSTAL SPECIFICATIONS

TYPE: CR- (X-737)/U

FREQUENCY: 188.000 Ma 7th Overtone

TOLERANCE: J-005%

TEMPERATURE: -550 C TO /105° C

RESTST4NC?: MAXIMUM 70 OHMS

AN GLE: 350 217

DIAMETER: 0,,290" CO0L"

FLATNESS: CONCENTRIC RING, MAXIMUM 1 RING

PARALLELISM: LESS THAN 1 RING

PIN LAP FREQUENCY: 25,650 Ko, ,015, -10

POLISH FREQUENCY: 27,0s0 Ko, /, - 10

BASE PLATE: ALUMINUM, BY WEIGHT

SPOT DIAMETER: .1087"

-15,



CRlYSTAL SPEC IFIC ATIONS

TYPE: CR-,IXM,37d'/u

FFEQ1J'ENCY: 2O000 Me 7th Overtone

TOLERA.NCE:Z,05

TEMF7,RATtJRE: -50C TO 11050 C

RESIS3TANCE: MAXIMUM 70 OEM

ANGLE: 350 27c

DIAMETER. 01290" Z,001"

Fl.ATNfESS: CO1rMTTRIC IRINC1l MAXflTJM I1, FT.C

PfiFALLB~l1S-M? LESS TEP14 1 IC.

P314 LAP FREQ.UEVClY: 27,?1O Kc /15! 110

POLISH -;'.EGUENCY: 28,760 Kc /5, -10

BASE PLATE: ALUMINUM, BY WEIGHT

SPOT DIXIE.TER: .1015"

.16



RESISTANCE DATA -CR- (XM37)/ U

150oO0 Mc

LOT NO. 1 Cm STAL UNITS N0O 86 -, 123

45 OHMS - 3 UNITS

50 OHMS - 2 UNITS

55 OEMS - 5 UNITS

60 OHMS 10 UNITS

65 OHMS 3 UNITS

70 OHMS 7 UNITS

75 OhMS - 1 TiN IT

80 OHM 2 UNITS

90 OHMS - 2 UNITS

100 OHMS I UNIT

2 NO READING

LOT NO. 2 CRYST AL UNITS NO. 124 136

50 OHMS I 1 UNIT

55 OHMS I UNIT

60 01'lS UN ITS

70 OHMS 1 UNrl

90 OHMS 2 UN I'S

100 01HMS 1 UPIIT

105 OHMS 1 UNIT

130 OHMS I UNIT

1 NO ,EADING

1. BROKEN

17



RESISTANCE DATA , CR-(XM-37)/U

1500000 Me

LOT NO- 3 CRYSTAL UNITS NO0 137 ' 149

5o OHMS -- 2 UNITS

55 OHMS - UNIT

6o oHMS , 1 Ti rIT
65 OHMS 1 UNIT

70 OHMS 3 UNITS

80 OEMS - 1 UNIT

95 OHMS 1 UNIT

145 oHMs I UNIT

1 BROKEN

1 PINS TOO LARGE

LOT No 4 CRYSTAL UNITS NO., 150 - 163

45 OHMS - ?UNTS

50 OHMS - 2 UNITS

55 oH?4 . i viTnr

60 OHMS . 3 Tfl;ITS

65 OHD4S 1 UNIT

8c OHMS i UNIT

85 OHM, 1 UNIT

100 OHMS - 1 UNIT

I NO READING

1 FREQUENCY TOO HIGH

.- 18-



RESISTANCE DATA. CR-(XM-371LL

150, 000 fla

LOT NOV 5 CRYSTAL UNITS No. 164 - 174

.-5 01M3 2 UNITS

50o OHMS - 2 UNITS

55 OHMS I u N -.

60 OHMS 3 UNTT3

65 OHMS I UNIT

80 OHMS 1. I JN 7-T

65 OHMs 1 INIT

100 OHMS 1 'UNIT

Lm NO. 6 CRYSTAL UNITS NO. 175 181

60 OHMS 1 UNIT

70 OHMS 1 UNIT

80 OHMS 1 UNIT

90 OH.'I 1 UNIT

16 OHMS 1 UNIT

150 OHMS I UNIT

2 NO READDG

,XT NO, 7 CHRSTAL UNITS NO, 18. 192

1 0 0HIS P? UN ITS

55 OHMS ? UNITS

60 OHMS 1 1 UNIT

90 OHM,1 1 UNIT

95 OHV %% 1 UNIT

I.00oI{M.11 I TIN IT

2 NO READING

4.9.



RESISTANCE DATA - CfR-(XM-37)/U

150o000 Mo

LOT NO . 8 CIRSTAL UNITS NO. 193 - P05

55 OH-S - 3 UNITS

60 OHMS - 3 UN-T3

90 OHMS - C UNITS

100 OHMS - I UNIT

110 OHMS - I UNIT

3 NO READING

Z3£ NO, 9 CRTIYTAL UNITS NO. 206 - 213

65 o'X.S . 1 UNIT

70 OHMS 1 TiJ IT

75 O3MS o 1 JN)

90 O.h1MS - 1 UNIT

loo OHMS - i LN

120 OHMS 2 UNTTS

I NO READING



RESISTANCE DATA-- CR-(XM-.37)/

162.000 Mo

LOT NO. 1 CRYSTAL UNITS NO. 1 - 3 CULTURED

80 OHMS - 1 UNIT

90 OHMS . 2 UNITS

LOT NO. 2 CRYSTAL UNITS No. 4 8 CULTURED

70 O]IMS - I UNIT

90OMS OEM1 'RiIT

3 NO READING

LOT NO. 3 CRYSTAL UNITS No 9 - 23 CULTURED

78 oHMs 1 UNIT

82 OHM - 1 UNIT

90 OHMS - 3 UNITS

95 OHMS 1 UNIT

110 OHMS 1 UNIT

150 OHMS 1 UNIT

7 NO READING

5WO NO. 4 CRYSTAL UNITS NO. 214. 37 CULTURED

65 Owls1 I UN IT

430 OHMS - T1.-T

100 OHMS 1 UNIT

1 P5 OHMS 1 tlN-"T

1L5 OHMS - 1 UNIT

150 OHMS 3 UNITS

5 No PEADING

21



RESISTANCE DATA CH..(YM.-27)/V

16 , :,0130 Mu

LY.£ NO, [ CHMZTAL UNIrS NO. 33 - 42 CULTURED

90 OHMS i UNIr

4.- NO READING



RESISTANCE LAT, -CR(- i37)/U

200O000 Me

LOT NO. I CRYSTAL UNITS No. 49 - 85

70 OHMS I V4 IT

100 OHMS - 1 UNIT

125 OHMS - I UNIT

130 OHMS , UNIT

140 OHMS 2 UNITS

150 OHM , ', I P TS

.60 OHMS - Uirr!3

.(8o OHMS U N ITS

25 KO VE ADING



CAPACITANCE DATA CR(XM:-37)/u

150(000 Me

L(fl' NH., I CRYSTAL UNfiTS NO,, 86 - 123

Cp 50 C'O 1'c Below 6.15 pf - 6 9 pf

Rp 500 Kc Below 2.4 K 4C L,42 K

Cp 1 me 5.5 pf 6,7 pf
LGT b C 2 CRYSTAL UNITS No -124 136

Cp 500 1c Eelow 6 4 Pf ,68 pf

Rp 500 Ke Eelow 2,8 K -36 K

Cp I Mo 59 pf 6.1 pf

LOT NO , 3 CRYSTAL UNITS NO. 137 149

Cp - 500 Ke Below 6,5 pf 6,8 pf

Rp - 500 Ka Below 3,1 K - 4.3 K

0pP - I Mo 5.9 pf - 6o1 pf

A'.. NO., 4 (JR "IYAL !)T ITS NO. 150 - 163

Op 500 Kc Below 6.,4 j. 6,75 pf

Rp 500 X Below 3 2 X 5 0 K

OP 1 Mo 5A~. pf 6.o p17

L~d NO 5 C-{MTSAL UNITS NO, 2.64 174

Cp - 500 Ko Below 5.' pf 6,6 pf

Rp 500 Kc Below 5l2 K 15,0 K

cp - 1 Ma i,.9 Pf 6.l pf

LOT NO were mounted In standard HC- 8/U

bases with the m.ounting wires silver plated..

Mote ohenge In Cp and Rp at 500 Kc Below ?req.



CAPACITANCE DAI1 CR. (XM37)/U

15ooOO Me

LOT NOo, 6 CRYSTAL UNITS NO, 175 - 181

Cp 50o Ke Below 6.,5 pf - 6,9 pf

Rp 5 00 Ke 3elow 2 9 K - 3r8 K

Cp 1o0 Me 5.8 pf 6 0 pf

LOT NO,, 7 CRYSTAL UNITS NO 1182 -192

c p 500 Ka Below 6.,4 pf 6 .'1 pf

Rp 5 Ko Below 3 2 K 5, . K

Cp i,0 Mo 5,9 pf- 6.1 pf

LOT N 0 8 CRYSL AL UITS 10O 193 e0205

Cp 500 K(- Below 6 4 pf 6,.8 I

Rp 500 Kc Below 3,Z K 4- ,6 K

Cp 1o0 No 5 8 pf 6,1 pf

LOT NO 9 CRYSTAL UNITS NOo , 6 ,209

Op 500 Ka Below 4-0 pf 4 1 1 pf

Rp 500 Kc Below 10 X - 9 c

Cp ,.0 W( %9pf 4.0 pf

. )! I),, . CWL S., T., 'hLTr, j-, PO .i.

';p 500 Ko n3e) r 6,4 pi 6 .5 pf

Itp 5c0 r.. ie ow 3,.6 K 6,0 K

op 1'.0 No 5.6 pf .-6,9 pf



CAPACITANCE DATA -i CR(%XM 37),!U

16 2.,000 Me

Culturedi

L(? A13 .1. ClftSTAL UNw:-.s NO. 1 3

Cp 500 Kao Palow- 7 ,0 Pf 7, .,; P

Rp "IOY) "r% Below 2.3 X :'. 9 K

Cp :LO Me 6,34~ pf 6. Apr

LOT NO . 2 C BXS T AL M',ITS so, t1. 8

Cp 500 Ko Below 7c p1' 7~ P1

Rp 500 Kc Below ;?1DK 3- 3.K

Op 1"~0 Me 6 2 P1' 6. p1

tL1T NO, CRIYSTAL 1J'ITS NO 9 -23

'P 500 ";U' Below 11.,3 pr V-~7 P f

ip 0 -k -- Below 6,0 X 9-3 K

.p 4 0f 4,, 4Ot i3pi

~~CT *3. 4 OR3TAL UNITS; io(J, . '4 3-1

Op 500 ~A 3lw..2 ~ 4,~ P"

lip 50 ~0 Ko Below 6,6 K 9.,:' K

-;p 0 ,Me 4,0vP f ,3 P1

Yxi2j N(-., 5 CiRY"OT.:1 U~ITS NO. 38 4

(,p 500 ire Below !p.3 p1 f 4- p1'

Rp 50O0 Kc Beltow 8 K 9 '. K

Op 1,0 Mc 4-. 0 pf 4:,, p1'



CAPACITANCE DATA -CR..(XN=-37)U

2O00.000 o

LOT hO, I. CRYSTAL UNhITS 0,. 49. 85

Cp 500 Kc Below 58 pf 606 pf

Rp 500 Kc Below 14 pf - 3,3 K

Cp l0 Me 4.6 pf - 5-4 pf



HOLDER INDUCTANCE ND RESISTANCE DATA

15000O me

Holder Inductance - 0183 uh .0245 u

Holder Resistance - 4.44 ohms - 5.66 ohm

162-000 Me

Holder Inductance .,0180 uh OM uh
Holder Resistance - 5.347 ohms - 8.588 ohms

200.000 Me

Holder Inductance - .0167 uh o o0253 uh
Holder Resistance - 62'9 ohms 9.79 ohms



PROGRAM FOR NEXT INTERVAL:

1 Continuation of final polishing methods to Increase

yield and lower resirtarnoe.

2 See if correlatien can be established between flat-

ness as viewed in interferometer and resistance of

crystal.

3 Control of plate back by resistance method to be

studied,

4 - An at,-empt will be maide to accumulate enough units

under 70 ohms to make up preproduotion lots..



CONCLUSIONS:

A'; taIs point in contract we are finding )a a't the 70 ohm

r3alstauce figure will make manufactuve of these units

very difficult, So fzr only the 150 Mo frequency has

yielded units under the maximum,

Bresk&ge and loss has been high, Experience by personnel

may reduce t'alsa

3(-



CONFEREECES:

A conference on this Contract was held at Contractor's

Plant on 10 May 1962. Present were:

Mr, Ray Woolley - USASSA

Mr. Ed Mason USASSA

Mr . Norman Gillin - VALPEY

MX'o Leon Marchand - VALPEY

Mr0 Wooliy was given some samples for correlation on

his equipmient.

REPORTS:

No reportE have been issued since 8econd/Third Quarterly.

-31



MAR HOURS APPLIED ON THIS 0ONTRACT

DURING THIS INTERVAL

N. Gillin 761 hours

L, Marchand 152-3A hotrn3

A. Shameklis 233-1/2 hours

DIRECT LABOR 727-3/ hours

32


